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Characterization.
Fourier transform infrared (FTIR) spectroscopy was used to follow the alkoxysilane hydrolysiscondensation reaction in EPR-g-VTMS/HTMS composites. The IR spectra were recorded using a MAGNA-IR 560 FT-IR spectrometer (Nicolet, USA) equipped with a single reflection Ge attenuated total reflectance accessory (Thunder-dome, Spectra-Tech. Inc., USA) in the range of 600-4000 cm . The average of 64 spectra was used to increase the signal to noise ratio.
Solid-state 29 Si cross polarization/magic-angle spinning (CP/MAS) NMR analysis was performed on a JNM-CMX-400 spectrometer (JEOL, Japan) at a resonance frequency of 79.42 MHz, with a pulse width of 45º, and a recycle delay of 100 sec. In all cases, high-power proton decoupling was used, and the chemical shifts were externally referenced to tetramethylsilane. Deconvolution of spectra was performed by using a Gaussian function on an ORIGIN software version 6.1 (Originlab, USA). According to the Glaser's nomenclature [29] , the silanes are denoted in this article, using T m (m = 0, 1, 2, 3) where m refers to the number of siloxane bridges bonded to the silicon atom.
X-ray scattering analysis was performed on a Bruker D8 Discover X-ray Diffractometer (Bruker AXS, USA) operating at room temperature. Graphite-monochromatized CuKα beam (λ = 1.5418 Å) was transmitted through the sample sheet. The profile analyses were made by software of DIFFRAC plus TOPAS (Bruker AXS, USA).
Tensile properties of the water-crosslinked EPR-g-VTMS/HTMS composites were performed with a tensile tester AUTOGRAPH AGS-H 500N (Shimadzu Co. Ltd., Japan). The measurements were carried out by using tensile speed of 100 mm/min in a room thermostated at 25±2 ºC. The dumbbell specimens (no. 6 of Japan Industrial Standard, JIS K 6251) were subjected to the measurement.
The morphological analysis of fracture surfaces of the EPR-g-VTMS/HTMS composites has been carried out on a field emission scanning electron microscopy (FE-SEM) microscope (JSM-6340F, JEOL,
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Japan) operating at 5 kV. The fracture surfaces were coated with a thin platinum film in an auto fine coater (JEE-420T, JEOL, Japan). evidence multi siloxane linkages (Si≡(O) 3 ≡Si) of water-crosslinked EPR-g-VTMS [37] and/or a cissyndiotactic ladder configuration of poly(n-hexyl silsesquioxane) (see Scheme 2) [38] [39] [40] . The spectral difference between PhSO 3 H and PhNH 2 catalyst is consistent with our previous reports on the silane watercrosslinking reaction of EPR-g-VTMS in the presence of various sulfonic acid and amine compounds [41] , which is understandable on the traditional knowledge of acid-and base-catalyzed silica sol-gel reaction [7] . spectroscopy for the silica and silicon materials [42] . The conversion attained in the polycondensation for the water-crosslinked EPR-g-VTMS/HTMS composites was also investigated by 29 Si CP/MAS NMR measurement. Figure 2 shows the corresponding the solid-state 29 Si CP/MAS NMR spectra for PhSO 3 H-and that the higher degree of condensation for stable and complete siloxane network is achieved using PhNH 2 catalyst. In this PhNH 2 -catalyzed system, the high conversion attained in the inorganic polycondensation suggests that silsesquioxane domains are present as polyhedra or ladder structures. [45] [46] [47] [48] [49] [50] In the previous section where the hydrolysis-condensation process was examined by means of ATR-FTIR technique, it was run that, in the PhSO 3 H-catalyzed composite, the condensation step did not progress to the same extent achieved by PhNH 2 catalyst (see Fig. 1 ). Therefore, it is reasonable that there is a significant difference between both 29 Si CP/MAS NMR spectra in Fig. 2 . This joint evidence provided by 29 Si CP/MAS NMR and ATR-FTIR results points out to the presence of poly(n-hexyl silsesquioxane)s as linear siloxane chain structures with isolated silanols and cis-syndiotactic ladder structures in the PhSO 3 Hand PhNH 2 -catalyzed EPR-g-VTMS/HTMS composites, respectively.
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Wide-Angle X-Ray Scattering (WAXS).
The wide-angle X-ray scattering (WAXS) profiles of the uncrosslinked (as-prepared) and water-crosslinked EPR-g-VTMS/HTMS composites, compared with that of the corresponding virgin EPR sample, are reported in Fig. 3 . In the wide-angle range (2θ > 10º), WAXS patterns on the all samples show the typical crystal form of isotactic polypropylene (iPP) [2] . Generally, iPP samples characterized by chains including different types of microstructural defects (i.e., stereo-and regiodefects) crystallize as a mixture of the α and γ forms. and γ forms [56] . Antithetically, EPR-g-VTMS/HTMS composites before and after water-crosslinking reaction (profiles B-D) mainly crystallized in the γ form, as indicated by the presence of the strong scattering peak of the γ form and the weak scattering peak of the α form, suggesting that the grafted-VTMS moieties onto EPR skeleton and/or the addition of HTMS into EPR-g-VTMS system exert the stereo-and/or regioneffects in inducing the crystallization of the γ form. Since it is well-known that interruptions in the regular sequences of iPP favored the development of the γ form [57] , these WAXS results seems to be reasonable.
Although similar WAXS profiles in the wide-angle range were observed before and after water-crosslinking reaction in both catalyst cases, the major differences in the small-angle range (2θ < 10º) did exist. Actually, as shown in the small-angle range WAXS profiles C and E of Fig. 3 (left side), a scattering peak at 2θ = 5.1°
was observed but different in scattering magnitude, indicating that the water-crosslinked EPR-g-VTMS/HTMS composites have a typical ordered-structure with a basal spacing of ca. 1.7 nm. The presence of the same correlation distance for PhSO 3 H-and PhNH 2 -catalyzed composite implies that the layer formation process was not affected to a significant extent by the presence of the selected catalysts. This spacing value refers to the chain length of two n-alkyl groups (ca. 1.8 nm in all-trans conformations) between 12/28 cis-syndiotactic ladder structures of poly(n-hexyl silsesquioxane)s calculated by the AM1 method on the software HyperChem 7.1 [58] , as shown in Scheme 2. The possible structure of water-crosslinked EPR-g-VTMS/HTMS composites will be discussed later in detail.
Tensile Strength.
Tensile stress-strain curves of water-crosslinked EPR-g-VTMS/HTMS composites catalyzed by PhSO 3 H and PhNH 2 (aged in 80ºC water for 24 hours) are shown in Fig. 4 . As references, the stress-strain curve of uncrosslinked EPR-g-VTMS/HTMS (as-prepared) is displayed in this figure. The stress-strain curve generally uses to characterize the dynamic behavior of crosslinked polymer. The drawing curve of uncrosslinked sample, which shows the characteristic yield drop around 25% elongation and a plateau region (neck formation) and afterwards breaks (4.2 MPa, 439%), is conventional behavior as an uncrosslinked polyolefin resin [59] . Both water-crosslinked EPR-g-VTMS/HTMS composite samples show an improvement of all the mechanical parameters. However, the drawing behavior shows some relevant differences depending upon the catalyst used. The PhSO 3 H-catalyzed composite shows a small interval in which the stress, after the yield point at about 20% elongation, remains constant. This interval is followed by strain-hardening that produces the fracture at the lower stress and higher elongation (9.7 MPa, 291 %). On the other hand, the PhNH 2 -catalyzed composite shows the increase of the stress value at the yield point as well as the elastic modulus, but rapidly breaks at the higher stress and lower elongation (12.8 MPa, 168%).
Of course, these tensile behaviors of PhSO 3 H-and PhNH 2 -catalyzed composites should reflect a result of the overall water-crosslinking reaction degree in EPR-g-VTMS/HTMS composite. It is worth mentioning that these differences in the tensile modulus and elongation depending on the type of the catalyst can be consistent with the one in the above experimental results (ATR-FTIR and 29 Si CP/MAS-NMR).
Field Emission-Scanning Electron Microscope (FE-SEM). Figure 5(a)-(c) exhibits the field
emission-scanning electron microscope (FE-SEM) images of tensile fractured surface of the water-
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crosslinked EPR-g-VTMS/HTMS composites in the presence of PhSO 3 H and PhNH 2 catalyst. In both catalyst results, the macro phase separation of HTMS from EPR-g-VTMS matrix (e.g. such as a micrometersize particle or domain) is not observed at the fractured surface, indicating good compatibility between HTMS molecules and EPR-g-VTMS matrix. As shown in Fig. 5(a) , water-crosslinked EPR-g-VTMS/HTMS composite containing PhSO 3 H catalyst displays relatively flat and smooth surface having somewhat sharp tip.
However, PhNH 2 -catalyzed system shows that the fracture surface is wedge-shaped. (see Fig. 5(b) ) A magnification of one of these wedge-shaped areas is shown in Fig. 5(c) . This large magnification FE-SEM image of the PhNH 2 -catalyzed composite exhibited the platy morphologies (ca. 100 nm-thick) at the fractured surface. Another evidence of the presence of the ordered-structure was obtained from the cross section FE-SEM image using liquid nitrogen ( Figure 5(d) ). Plate-like morphology is observed. This finding may suggest that the water-crosslinked EPR-g-VTMS/HTMS composite (especially using PhNH 2 catalyst) has a self-assembled structure consisting of a highly-ordered siloxane network.
Absolute Configuration of Water-Crosslinked EPR-g-VTMS/HTMS Composites.
From the above results of ATR-FTIR, 29 Si CP/MAS NMR, WAXS, tensile strength, FE-SEM measurements, we now consider the configuration of water-crosslinked EPR-g-VTMS/HTMS composites.
As a typical case, we discuss on the PhNH 2 -catalyzed composite which shows an interesting platy morphologies and a much more pronounced improvement of physical properties than the there is a periodicity such as a self-assembled structure (FE-SEM). Recent much research has shown that 14/28 siloxane-based organic-inorganic hybrid materials prepared by the hydrolysis-condensation of alkoxysilane compounds can be controlled at the nanometer length scale through self-assembly. For instance, the formation of a layer structure composed of alkyl chains with all-trans conformations has been reported for the products obtained by the hydrolytic condensation of alkyltrialkoxysilanes or alkyltrichlorosilanes (12) (13) (14) (15) (16) (17) (18) carbon atoms in the alkyl group) [60] [61] [62] [63] [64] [65] . Those results are an aid in understanding the formation of the highly-ordered structure in water-crosslinked EPR-g-VTMS/HTMS composites. A schematic representation of a basic structure satisfying the experimental findings and the steric restrictions is shown in Scheme 3. In this proposed model, the basic ladder-type structures of poly(n-hexyl silsesquoxane)s are stacked together by a self-assembly of n-hexyl chains exhibiting all-trans conformations. This organization eventually generates a bilayer structure separated by hydrophobic n-hexyl groups. To our knowledge, this is the first time that ladder-type silsesquoxane bilayers are reported in the crosslinked polymer materials. In addition, a major factor in the formation of the platy morphologies seen here may be due to the micro phase separation (several nm-size) between HTMS and EPR-g-VTMS matrix before or during water-crosslinking reaction as described in Scheme 3, although the detail mechanism is still not known. Further investigation of the watercrosslinking reaction of various alkylalkoxysilane compounds in the same EPR-g-VTMS matrix will be the subject of future study.
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CONCLUSION
Vinyltrimethoxysilane-grafted ethylene-propylene copolymer/n-hexyltrimethoxysilane (EPR-g-VTMS/HTMS) composite was prepared by an in-situ sol-gel processing. The water-crosslinking reaction of the EPR-g-VTMS/HTMS composites in the presence of organic acid or base catalysts (PhSO 3 H or PhNH 2 , respectively) was investigated using the means of ATR-FTIR, 29 Si CP/MAS NMR, WAXS, tensile strength, and FE-SEM measurements. We found that the type of catalyst (acid or base) had a substantial influence on the nature of siloxane bands and eventually the physical tensile properties, which was understandable on the traditional knowledge of silica sol-gel chemistry. Moreover, for the PhNH 2 -catalyzed composites, experimental evidence indicated the formation of ladder-type poly(n-hexyl silsesquoxane)s and the presence of the highly-ordered structure with a thickness equal to the length of two n-hexyl groups in all-trans conformation (see Schemes 2 and 3). Actually, the platy morphologies were observed on a microscopic scale.
The present water-crosslinked EPR-g-VTMS/HTMS composite, which has a self-assembled structure consisting of a highly-ordered siloxane network, is unique and has a potential for future design of silicatebased organic-inorganic hybrid polymer nanocomposites. 
20/28
Scheme titles
Scheme 1
Preparation procedure of water-crosslinked EPR-g-VTMS/HTMS composites.
Scheme 2
Schematic representation of cis-syndiotactic ladder conformation of poly(n-hexyl silsesquioxane)s. The spacing value was obtained from the conformation calculated by the AM1 method.
Schematic representation of the proposed model of the resulting layered structure in watercrosslinked EPR-g-VTMS/HTMS composites. 
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